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S U M M A R Y
Background: Diroﬁlariasis is an emerging zoonotic infection in which the human serves as an accidental
host. Russia has been one of the most important endemic regions worldwide for Diroﬁlaria repens, the
most prevalent Diroﬁlaria species in Europe.
Methods: Based on a cohort of patients at the Rostov Medical University, we provide an epidemiological
description of 236 human cases, reporting common clinical symptoms and treatment options for D.
repens infections in humans. The performance of a non-commercial immunoassay was validated in a
diagnostic sub-study (diagnostic accuracy 83%). Data from mosquito surveys and cross-sectional surveys
of dogs, the main reservoir of D. repens, are also presented.
Results: Results showed important variations in prevalence depending on sex, geographic location, and
the use of dogs (professional service dogs or pets).
Conclusions: The particularly high prevalence of Diroﬁlaria infection in professional dogs used in the
police force and armed forces poses a particular problem, since these dogs may serve as
epidemiologically important ampliﬁers within the region of the former Soviet Union.
 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/3.0/).
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Most vector-borne diseases are endemic in developing coun-
tries with a tropical climate, but some are also prevalent in
temperate regions. The only helminths transmitted by mosquitoes
to humans in Europe are nematodes of the genus Diroﬁlaria.1
Globally, the majority of cases in humans and animals are caused
by the two Diroﬁlaria species, D. repens and D. immitis.2 In European
countries, D. repens is the main causative agent of human
diroﬁlariasis.3–5 Whereas only a few dozen cases were reported
worldwide in the ﬁrst half of the twentieth century, the number
has gradually increased and reached 782 cases worldwide at the
end of the last century.6 Of importance, approximately 700 of these
cases of human diroﬁlariasis have been described in two scientiﬁc
reviews published from the Russian Federation.7,8* Corresponding author. Tel.: +7 918 553 53 06; fax: +7 863 234 91 83.
E-mail addresses: natalia-pshenichnaya@yandex.ru, crane@aaanet.ru
(N.Y. Pshenichnaya).
http://dx.doi.org/10.1016/j.ijid.2014.02.008
1201-9712/ 2014 The Authors. Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).The deﬁnitive hosts of D. repens and D. immitis are animals of the
families Canidae, Felidae, and Viverridae. Dogs are the most
important source for human transmission. The intermediate hosts
are mosquitoes of the family Culicidae (e.g. Anopheles, Aedimor-
phus, Armigeres, Ochlerotatus, Aedes, Culex, Coquillettidia, and
Mansonia), with Aedes vexans, Culex pipiens pipiens, and Aedes
albopictus being the main vectors in Europe.9
The geographical area of diroﬁlariasis is deﬁned by the presence
of the deﬁnitive host and the presence of appropriate vectors. In this
respect, environmental temperature is of great importance, allowing
for the development of Diroﬁlaria into the infective stage (L3) in the
mosquito.8,10 Growing degree-day models (GDD)11 have been used
to predict the geographical distribution and seasonality of Diroﬁlaria
spp in different parts of the world. These models are based on a
minimum threshold of 14 8C for the development of Diroﬁlaria in its
vector. The key conditions for larval transformation to the infective
stage is 130 GDD for larvae to reach infectivity, and there is a
maximum life expectancy of 30 days for a mosquito vector.11
The aim of this study was to describe the current epidemiology
of diroﬁlariasis in the Russian Federation based on data from aciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
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epidemiological trends when compared with previous data.
2. Materials and methods
2.1. Identiﬁcation of human cases
All cases of human diroﬁlariasis presenting to our institution
were recorded. The diagnosis of diroﬁlariasis in humans was based
on the microscopy of removed parasites or their fragments and
morphological and histopathological features.
2.2. Serodiagnosis of diroﬁlariasis
We used an ELISA for the detection of Diroﬁlaria-speciﬁc
antibodies based on our unique puriﬁed somatic antigen of
immature female D. repens removed from human cases.12 Brieﬂy,
the removed worm was homogenized mechanically followed by
ultrasound sonication and then extraction of proteins in 0.25 M
aqueous sucrose solution and further puriﬁcation from lipids in
acetone solution by centrifugation (two cycles: 5000 rpm within
8 min, followed by 2000 rpm within 30 min and +2–4 8C).12 A
validation study was performed to test the diagnostic accuracy of
this immunoassay using 129 human serum samples, including 57
from patients with conﬁrmed diroﬁlariasis following extraction of
the worm, 36 from patients with toxocariasis or giardiasis, and 36
from healthy controls.
2.3. Surveys of the dog reservoir
Cross-sectional surveys of dogs were conducted. Samples were
assayed by concentration method with 3% acetic acid.13 The
species of microﬁlariae were determined by the structure of the
cephalic and the tail-end of worms.14 Forty-three dog breeds used
for hunting, decorative dogs, and dogs used by the security services
were examined when attending the regional ofﬁces of the
veterinary service. Dogs in the security service were examined
by the veterinary service of the police.
2.4. Mosquitoes
Mosquito catching was performed using human baits in the
study regions of the Russian Federation. Mosquito trapping was
conducted in synanthropic (ecologically related to human) foci, in
natural forest habitats, forest-steppe, and steppe zones and in the
ﬁxed entomological habitats (i.e., places where mosquitoes are
hiding from unfavorable environmental conditions). Mosquitoes
were dissected by standard method, in accordance with Sergiev,15
treated with 5% acetic acid, ﬁxed, stained by Romanowsky–Giemsa
method, and classiﬁed microscopically.
2.5. Statistical analysis
Data were analyzed by descriptive statistics (mean and
standard deviation), and the performance of the diagnostic assay
was evaluated by receiver operating characteristic (ROC) curve;
IBM SPSS version 21.0 (IBM Corp., Armonk, NY, USA) was used for
the analyses. p-Values were calculated by t-test for percentages in
BioStat 2008.
3. Results
3.1. Distribution of diroﬁlariasis cases
Between 1995 and 2012, 236 recorded cases of human infection
by D. repens were referred to our clinic from several territories ofthe Russian Federation. Patients were referred from diverse
medical specialties including surgery, oncology, and ophthalmol-
ogy, depending on the site of infection. Most patients (96.2%) were
inhabitants of southern Russia (Rostov Region, Krasnodar Territo-
ry, Astrakhan Region, the Republic of Adygea; Figure 1). In addition,
we observed nine cases of local transmission of D. repens invasion
in humans in the Novgorod Region (588260 N) from 2010 to 2011.
3.2. Clinical description of human cases
Clinical infections in humans were most commonly manifested
by pain, edema, and erythema at the site of parasite localization.
The symptoms were similar to the classical Calabar swelling
described in loiasis (Figure 2). Movements of the worm under the
skin were observed on several occasions, or the person experienced
movements. The complaint of a feeling of ‘crawling’ under the skin
was frequently recorded. The frequencies of these signs and
symptoms were not systematically recorded. Common localiza-
tions of Diroﬁlaria were head and neck (60%), most commonly in
the peri-orbital region, and the limbs (25%) and trunk (11%); the
worms were removed from the external genitalia in 4% of patients
(Figure 3).
Active migration of the worm in the human body was observed
in 82 out of 236 (35%) of the patients who were treated in our clinic
(Figure 4). Of the 37 patients who were examined before surgery,
14 (38%) had peripheral eosinophilia, which ranged from 6% to 22%
of the total white blood cell count.
One hundred seventy-three helminths removed from patients
were morphologically identiﬁed as D. repens on histopathological
examination. Immature females were found in 140 cases (80.9%),
adult females in 24 (13.9%), and immature males in nine (5.2%). The
length of the removed worms ranged from 69 to 200 mm. In 41
cases, the worms were damaged and it was not possible to
determine the species.
3.3. Serology
ELISA sensitivity (the proportion of individuals with a positive
test result among patients with surgically removed helminths) was
75.4%. Speciﬁcity (the proportion of individuals with a negative
test result in a population of healthy individuals and patients with
other parasitic infections) was 88.9%. Accuracy (a correct test result
in the total number of results, both positive and negative) was
82.9%. The area under the ROC curve (AUC) was 0.850,
demonstrating the sensitivity and speciﬁcity of the ELISA
(Figure 5).
3.4. Treatment
We treated 17 patients with migrating Diroﬁlaria under the
skin in accordance with the recommendations of the US Centers for
Disease Control and Prevention (CDC) for the treatment of
cutaneous larva migrans (CLM). After 5 days of treatment with
albendazole (800 mg daily) and doxycycline (200 mg daily), we
observed parasite immobilization under the skin and the forma-
tion of a ﬁxed subcutaneous node in all patients.
3.5. The canine reservoir
A survey of dogs was conducted in the territories of south Russia
(Krasnodar, Rostov Region, the Republic of Adygea, Astrakhan
Region) and in north Russia (Novgorod Region, Figure 1). We
investigated 3258 canine blood samples between 1995 and 2012.
The results of these surveys between 1995 and 2012 showed a high
incident rate of diroﬁlariasis in service and domestic dogs, ranging
from 10% to 43% in the different years in the south of Russia.
Figure 1. Map of Russia showing the distribution and number of human cases of diroﬁlariasis in the different regions, including our own research areas, during the years
2000–2013; data from the Russian Reference Center for Larval Helminthiases (Rostov-on-Don).
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Figure 2. Calabar swelling (left picture), the image of a parasite under the skin after 7 days (right picture).
Figure 3. Localization of human Diroﬁlaria repens (our data provided on an image
obtained from Pampiglione and Rivasi6).
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puppies up to 5 months. At the age of 1 year (group 1), diroﬁlariasis
was diagnosed in 2% (95% conﬁdence interval (CI) 0–6%; 11/548) of
dogs; in those aged 1–3 years (group 2), in 10% (95% CI 0–21%; 74/
748; p-value 1–2 = 0.28); in those aged 4–6 years (group 3), in 33%
(95% CI 20–46; 273/827; p-value 2–3 = 0.007); in those aged 7–9
years (group 4), in 35% (95% CI 6–49%; 314/573; p-value 3–
4 = 0.81); and in those older than 10 years (group 5), in 19% (95% CI6–33%; 48/200; p-value 4–5 = 0.19). Adult animals were affected
by diroﬁlariasis to a greater degree, which can be explained by the
accumulation of parasites in the body of one animal due to the
following: (1) the long lifetime of the helminth itself (5–7 years)16;
(2) recurrent annual contacts of dogs with infected mosquitoes17.
We found the infection rate of Diroﬁlaria spp in male dogs to be
almost twice that in female dogs: 64% (95% CI 61–67%; 460/720) vs.
36% (95% CI 33–40%; 260/720) (D = 0.001). The rate of infection has
little seasonal variation, from 28% in the summer period to 19% in
autumn. Analysis of the survey data of dogs showed that in the
south of Russia, the infection of service dogs was higher than in
domestic dogs. In the city of Anapa (Krasnodar Region), prevalence
reached 50% in service dogs and 19% in domestic dogs. We
observed the same in the north of the Russia – Diroﬁlaria spp
microﬁlariae were found in 31 out of 87 service dogs (36%) in the
Novgorod Region. In the same area, Diroﬁlaria spp microﬁlariae
were found in eight out of 67 domestic dogs (12%).
3.6. Microﬁlariae infection of mosquitoes
In various territories of Russia we studied 6232 female
mosquitoes. Infection prevalence ranged in the different years
from 1% (2010) to 14% (2005). The vector infection rate depended
on the mosquito trapping site (nearby dog habitation areas) and
the weather conditions (temperature and humidity in the
transmission season), which inﬂuenced vector abundance and
the gonotrophic cycle. According to our data, Diroﬁlaria larvae
were most frequently detected in mosquitoes of the genus Aedes
(group 1) (5%, 95% CI 4–6%; 103/1944) and Culex (group 2) (4%, 95%
CI 2–5%; 52/1381) (D-value 1–2 = 0.7) and occasionally in
Anopheles (group 3) (0.6%, 95% CI 0.04–0.6%; 19/2907) (p-value
1–3 = 0.0001, p-value 2–3 = 0.0001). This discrepancy is attributed
to their preference for blood meals and protection mechanisms
from mosquito-speciﬁc parasites.18
4. Discussion
In Russia, Diroﬁlaria spp are distributed from 418 300 N to 588 300
N. The number of days with an average daily temperature above
14 8C varies in different parts of the country from 60–70 in the
north to 110–120 (150) days in the south.7 The observation of nine
local cases of D. repens invasion in humans in the Novgorod Region
(588 260 N) indicates the northern border of distribution of
diroﬁlariasis in the Russian Federation.19 However, a single case of
autochthonous diroﬁlariasis in a child who had never left boarding
school was diagnosed in 2000 in the city of Arkhangelsk (648 330 N),
which is located even further north, outside the designated area of
Figure 4. Active migration of the parasite under the skin of the upper lid.
Figure 5. Receiver operating characteristics curve (ROC curve) of the ELISA method
for the detection of Diroﬁlaria.
Table 1
Diagnostic value of ELISA for the detection of antibodies to Diroﬁlaria repens
Patients with a parasite
removed
Yes No
The presence of antibodies to D. repens Yes 43 (33.3%)a 8 (6.2%)b
No 14 (10.9%)c 64 (49.6%)d
a True positive.
b False positive.
c False negative.
d True negative.
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expansion of Diroﬁlaria spp distribution within the national
territory of Russia.20
According to our investigations, the incubation period for
diroﬁlariasis in humans is approximately 6–8 months. The risk of
infection in humans is associated with the period of maximum
activity of mosquitoes – the end of spring to the beginning of
autumn, when the weather conditions are most favorable for the
transmission of vector-borne helminths and for the development
of infective larvae in mosquitoes. The low temperatures in Russia
between October and May prevent mosquito breeding, and
helminth transmission becomes impossible.
With regards to diagnosing D. repens infection, a suggestive
patient history and clinical examination are important clues for the
clinical diagnosis. Histopathological examination of the surgically
removed helminth remains the gold standard for veriﬁcation of the
diagnosis. However, in cases of active migration of the parasite,
ELISA has a reasonable diagnostic value, taking into account results
from our validation survey showing a diagnostic accuracy of 83%
(Table 1), according to the Fletcher table.21
With regards to therapeutic options, in cases in which the
parasite is not moving, e.g., due to ﬁbrosis within a connectivetissue capsule, surgery is not usually a challenge. However, during
active migration, surgery can be ineffective and the operative
intervention itself may lead to serious complications. In our cohort
we observed one case of facial nerve injury during surgical
operation in an 11-year-old child. Therefore alternatives to surgical
intervention are needed. Our experience of treating patients
infected with D. repens conservatively in the phase of parasite
migration demonstrated the effectiveness of therapy with
albendazole and doxycycline.
Since 1990 an increasing prevalence of Diroﬁlaria in canines has
been observed in the south of Russia. By 2000 the rate of infection
had reached 35%, which we believe is the main explanation for the
increasing number of human cases. Our ﬁndings of high prevalence
rates in dogs, primarily those used by the police, correspond well
with the data reported by Arakelyan in the city of Astrakhan.22
According to that study, 12.5% of service dogs examined were
infected with Diroﬁlaria, while the infection in domestic dogs was
only 3.1%.22 In recent years, the number of dogs used by the police
and military services has been more than 100 000.23 In the Rostov
Region (area of high transmission risk) there are several large dog
training centers for the needs of the different military services in
Russia and the countries of the Former Soviet Union. This situation
may serve as an epidemiologically important ampliﬁer of
transmission within the regions of the former Soviet Union.
Climate change has affected mosquito abundance and their
seasonal survival in many areas of Europe, greatly inﬂuencing the
spread of ﬁlarial infections. It has been predicted that due to global
warming and rising mean temperatures, most of the European
countries are or will become suitable for Diroﬁlaria spp transmis-
sion, with an ever increasing transmission season for ﬁlaria.8,11
Transmission is accelerated at higher temperatures by increasing
the number of gonotrophic cycles in the helminth-infested
mosquitoes.8 However, abnormally hot and dry summers in the
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Diroﬁlaria microﬁlariae-infected vectors.8 In the northern parts of
Russia, the transmission season is shorter, but mosquito density is
higher.
In conclusion, Diroﬁlaria spp infections in humans in the Russian
Federation, primarily Diroﬁlaria repens, is increasing compared to
our understanding of Diroﬁlaria epidemiology in previous decades.
Several factors can cause changes in the epidemiological situation.
The isotherm limit of transmission is impacted by climate change.
The main reservoir (canine) is mobile and can roam over large
areas. Due to these circumstances, service dogs operating for the
police and armed forces and the Ministry of Emergency Situations,
are of particular concern as epidemiologically relevant ampliﬁers
of this emerging pathogen.
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